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Abstract  

Background:  The frontal sinus is often considered as the  

most challenging area to approach in Functional Endoscopic  

Sinus Surgery (FESS). Considerable variations in the shape,  

capacity and symmetry of frontal sinus have been reported.  

Aim of Study:  To provide better understanding of frontal  

sinus morphometry and anatomical variations of specific  
frontal recess cells and their prevalence among adult Egyptians.  

Material and Methods:  Coronal and sagittal CT scans of  
sixty adult persons of the Egyptian population (30 males and  
30 females, assigned into Group 1; from 20 to 30 years, group  

2; from 31 to 50 years and group 3; more than 50 years) were  

done to demonstrate the anatomy of the frontal sinus.  

Results: A statistically significant difference in the width  
of the right sinus between group 2 and group 3 was revealed.  

Eighty percent of frontal sinuses were asymmetrical. Agger  
nasi cell was the most common encountered frontal recess  

cell and mostly bilateraly presented. The second common was  

Interfrontal sinus septal cell (IFSC). Statistically significant  
association was found between Fronta Bullar Cell (FBC) and  

frontal cell type 4 (FC4) but no statistically significant differ-
ence was found between males and females except for frontal  

cell type 3 (FC3) which was higher among females than males.  
Statistically significant positive correlation between A-P  

length of left FR and AP length of right FR was revealed,  

while no significant correlation was found between AP length  
and volume of ANC.  

Conclusion: Awareness of frontal sinus dimensions frontal  

recess cells variations among Egyptians should be taken in  

consideration in safe frontal endoscopic surgery.  
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Introduction  

OVER  the last decade there has been increasing  
interest in the anatomy and surgical approaches to  
the frontal sinus. The frontal sinus is often consid- 
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ered as the most challenging area to approach in  
Functional Endoscopic Sinus Surgery (FESS). The  
frontal recess is the space into which the frontal  
sinus drains. This space is usually occupied by a  
number of air cells that affect the direction and  
position of this drainage pathway [1] . Serious  
complications in frontal sinus endoscopy are pos-
sible due to the frontal recess proximity to the  
anterior ethmoid artery, orbit, and anterior cranial  

fossa [2] . Considerable variations in the shape,  
capacity and symmetry of frontal sinus have been  
reported. It is the one that is of most interest and  

significance in forensic identification because of  
the individual characteristics which make the frontal  

sinus unique for every individual [3,4] . This study  
aims to provide better understanding of frontal  

sinus morphometry and anatomical variations of  
specific frontal recess cells and their prevalence  

among adult Egyptians. Aware knowledge of these  

dimensions and variations will help greatly in  
avoiding complications of frontal sinus surgery  
and recurrence of frontal sinus disease. It may  
affect the opinions of researches working on foren-
sic personal identification using frontal sinus meas-
urements.  

Material and Methods  

CT scan study:  

A retrospective review of coronal and sagittal  

CT scans of sixty adult persons of the Egyptian  
population (30 males and 30 females) was per-
formed in this study. The scans were obtained from  

Radiology Department, Faculty of Medicine, Cairo  
University in the period from November 2017 to  
July 2018. Examined persons were referred for  
investigating the head via CT scans for different  
reasons other than frontal sinus disease.  
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The sixty examined persons were arranged in  
three age groups, each group includes 20 persons  
(10 males and 10 females) as follows: Group 1  
(age from 20 to 30 years), group 2 (age from 31  

to 50 years) and group 3 (age more than 50 years).  

Inclusion criteria:  Persons over 20 years whose  
CT scan clearly demonstrate the anatomy of the  
frontal sinus have been included in the study, as  

development of the frontal sinus is completed by  
approximately 20 years of age [5] .  

Exclusion criteria:  Maxillofacial deformity or  
fractures, previous sinus surgery, sinonasal malig-
nancy or evidence of sinusitis (opacification, air-
fluid level, and/or mucosal thickness greater than  
3mm in the frontal sinus) [6] .  

2- Methods:  
CT scan study:  

Studied CT scans were performed using Philips  
Medical Systems CT scanner. Patients were posi-
tioned in the prone position with the head extended  
and the gantry was perpendicular to the hard palate.  

Thin slices were performed from sphenoid sinuses  

posteriorly to the anterior wall of frontal sinus  

anteriorly Fig. (1). Scanning parameters included  
3mm slice thickness to avoid loss of any tissue  
detail, 2 seconds scanning time, 120kVp and 150  
mAs. In all cases, direct coronal and sagittal images  

were taken. The field of view was confined to the  
sinonasal area for optimal visualization. Bone and  
soft tissues were best visualized by filming on a  

window width of 1500-2000HU and window level  

of 200-300HU.  

Measurements of frontal sinus that were used  
in this study include width, height and depth of  
the sinus on both sides. The lines that border the  
area of the frontal sinus were determined. The  

separation between the left and the right sides was  

based on the intersinus septum [7] . The greatest  
height, width and depth of each side were calculated  

from the maximum distance between the base and  

upper lines of the frontal sinus, the maximum  

distance between the medial and lateral lines of  

the right and left side and from the maximum  
distance between anterior and posterior lines re-
spectively. Both height and width of the sinus were  

measured on coronal plane while the depth of the  

sinus was measured on sagittal plane Fig. (1).  

B  
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D  
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Fig. (1): Sagittal CT scans showing, A: The position of the patient and examined area. B, C & D: Dimensions of frontal sinus.  

E: A-P length of frontal recess (dotted line) between frontal beak and superior attachment of ethmoid bulla (arrows).  

F: Thickness of anterior table of frontal sinus (arrows).  
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Volume of right and left sinuses for each patient  

was calculated as (height X width X depth (accord-
ing to the sinus volume, the Asymmetric Index  
(AI) was calculated to define whether the frontal  

sinuses for each patient were symmetrical or not.  
The formula of the asymmetric index was V 1 /V2  
X 100, where V 1 was the volume of the smaller  

sinus and V2 was the volume of the larger sinus.  
According to the degree of symmetry, they were  

classified as symmetrical (AI=80-100) and asym-
metrical (AI <80) [8] .  

Measurement of the anteroposterior length (A-
P length) of frontal recess on both sides was ob-
tained on sagittal plane and correlated with the  

volume of agger nasi cell. The A-P length of the  
frontal recess was defined as the length between  
the most prominent portion of the Frontal Beak  

(FB) and the superior attachment of the ethmoidal  
bullar lamella Fig. (1), while the volume of the  
ANC was defined as (the longest A-P diameter in  

the sagittal plane) X (the longest vertical diameter  

in the coronal plane) X (the longest diameter from  

side to side in the coronal plane) [9] . Measurement  
of the thickness of anterior table of frontal sinus  

on both sides was obtained on the sagittal images  

at the level of the orbital roof, 1cm lateral to the  

midline Fig. (1) [10] . All linear measurements were  
obtained from each radiograph on RadiAnt viewer  

and were expressed in millimeters (mm).  

All CT scans were carefully interpreted for the  
presence of the following variations [11] :  
• Frontal Bullar Cell (FBC).  
• Suprabullar Cell (SBC).  
• Supraorbital Ethmoid Cell (SOEC).  
• Interfrontal Sinus Septal Cell (IFSC).  

• Agger Nasi Cell (ANC).  
• Frontal Cell type 1 (FC 1).  
• Frontal Cell type 2 (FC 2).  
• Frontal Cell type 3 (FC 3).  
• Frontal Cell type 4 (FC 4).  

Statistical study:  
1- Measurements of frontal sinus were statistically  

analyzed for differences between right and left  

sides, sex and age groups differences.  

2- Measurements of A-P length of frontal recess  

were statistically analyzed for differences be-
tween right and left sides, sex and age groups  
differences as well as their relation with the  

volume of ANC if present.  

3- Measurements of the thickness of anterior table  
of frontal sinus were statistically analyzed for  

differences between right and left sides, sex and  

age groups differences.  

4- Variations encountered were statistically ana-
lyzed for:  
• Prevalence of each individual variation.  

• Bilaterality of the variation.  

• Sex differences.  

• The inter-relationship between different ana-
tomical variations of the frontal sinus.  

Data was coded using Microsoft Office Excel  

2016. Statistical analysis was done using IBM  
SPSS version 25. Frequencies (number) and relative  

frequencies (percent) were used to summarize  
qualitative variables while mean and standard  
deviations were used for quantitative variables.  
Comparison between groups was done using chi-
square test, independent sample  t-test and One  
Way ANOVA test. Pearson correlation was used  
to test for possible correlations between quantitative  
variables. p-alue less than or equal to 0.05 was  

considered significant.  

Results  

The study was conducted on 60 CT scans of  

30 males and 30 females. Cases were arranged in  
3 age groups as follows: Group 1: From 20 to 30,  

group 2: From 31 to 50 and group 3: More than  
50 years, with 10 males and 10 females in each  

group.  

Mean and standard deviation “SD” of all meas-
urements of width, height and depth of frontal  
sinus as well as sinus volume, A-P length of frontal  

recess and thickness of anterior table of frontal  

sinus on each side were calculated and tabulated  

(Table 1).  

Independent sample t-test was applied to com-
pare differences in means between right and left  

sides and between males and females. Side-wise  

there was no statistically significant difference  

between right and left parameters ( p-value was  
more than 0.05) though all the measurements were  
slightly higher on the left than the right side except  

for the sinus volume which was higher on the right  

side (Table 1), Fig. (2). Gender-wise, statistically  

significant higher height, depth and volume of left  
frontal sinus were found among males than females  
(p-value was less than 0.05) while no statistically  
significant difference in other parameters was  

found (p-value was more than 0.05) although meas-
urements were higher among males than females  

except for right A-P length of FR which was higher  

among females (Table 2), Fig. (2).  
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Table (1): Differences of measurements between right and  
left frontal sinus (number=60 for each side).  

Side  

Parameter  
Minimum Maximum Mean  SD  

p- 
value  

Width in mm:  

Right  5.50  45.70  23.40  8.45  0.665  
Left  11.50  44.30  24.04  7.63  

Height in mm:  
Right  5.22  44.70  19.74  8.59  0.915  
Left  6.60  48.50  19.91  9.04  

Depth in mm:  
Right  5.20  45.80  18.84  8.62  0.388  
Left  6  38.90  20.13  7.69  

Volume in mm 3 :  
Right  257.40  70643.52  11288.97  13461.54  0.961  
Left  1014.90  60184.13  11179.52  10720.86  

A-P length of  
FR in mm:  

Right  4.20  17.40  9.39  3.08  0.170  
Left  4.74  17.90  10.16  2.971  

Anterior table  
thickness in mm:  

Right  1.40  5.50  3.27  0.97  0.264  
Left  2.00 6.70  3.48  1.10  

A-P 
 
: Anteroposterior. 

FR 
 

: Frontal Recess. 
SD 
 

: Standard Deviation.  

Table (2): Differences of measurements of right and left frontal  

sinus between males and females (number=30 for  

each gender).  

Gender  Mean  SD  p-value  

Male  23.93  9.59  0.636  
Female  22.88  7.26  

Male  24.38  7.89  0.735  
Female  23.71  7.49  

Male  21.06  9.36  0.238  
Female  18.42  7.67  

Male  22.30  9.33  0.040*  
Female  17.53  8.20  

Male  20.01  9.45  0.297  
Female  17.66  7.69  

Male  22.24  8.13  0.032*  
Female  18.02  6.72  

Male  14251.27  17515.42  0.088  
Female  8326.67  6612.81  

Male  14395.44  13311.90  0.019*  
Female  7963.60  5935.74  

Male  9.10  3.007  0.457  
Female  9.69  3.17  

Male  10.22  3.14  0.872  
Female  10.10  2.83  

Male  3.50  1.09  0.066  
Female  3.04  0.77  

Male  3.70  1.27  0.139  
Female  3.27  0.87  

Parameter  

• Rt. width in mm  

• Lt. width in mm  

• Rt. height in mm  

• Lt. height in mm  

• Rt. depth in mm  

• Lt. depth in mm  

• Rt. volume in mm3 
 

• Lt. volume in mm3 
 

• A-P length of Rt. FR  
in mm  

• A-P length of Lt. FR  
in mm  

• Rt. anterior table  
thickness in mm  

• Lt. anterior table  
thickness in mm  
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Fig. (2): Coronal and sagittal CT scans showing the difference in left height and left depth of frontal sinus between male and  

female in groups 1, 2 & 3. Group 1 coronal (A) and sagittal (B) CT scans of 23 years old female, and coronal (C) and  

sagittal (D) CT scans of 20 years old male. Group 2 coronal (E) and sagittal (F) CT scans of 31 years old female, and  

coronal (G) and sagittal (H) CT scans of 35 years old male. Group 3 coronal (I) and sagittal (J) CT scans of 68 years  

old female, and coronal (K) and sagittal (L) CT scans of 68 years old male.  
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When the independent sample t-test was applied  
to compare parameters of all sinuses between males  

and females regardless of the side, statistically  
significant higher height, depth and volume of  
frontal sinus as well as anterior table thickness  

was found among males (p-value was less than  
0.05) (Table 3).  

The A-P length of FR was slightly higher on  
the left than the right side (Table 1) and higher  

among females than males (Table 3) but this wasn't  

statistically significant.  

Regarding thickness of the anterior table of  

frontal sinus, it was slightly higher on the left than  

the right side and higher among males than females  

with statistically significant difference ( p=0.019)  
(Tables 1,3).  

Table (3): Differences of measurements of all frontal sinuses  

between males and females (number=60 for each  
gender).  

Parameter  Gender  Mean  SD  p-value  

• Width in mm  Male  24.15  8.71  0.559  

Female  23.29  7.33  

• Height in mm  Male  21.68  9.29  0.020*  

Female  17.98  7.89  

• Depth in mm  Male  21.13  8.81  0.027*  

Female  17.84  7.16  

• Volume in mm3 
 Male  14323.35  15424.07  0.005*  

Female  8145.14  6232.61  

• A-P length of FR in  Male  9.66  3.10  0.671  

mm  Female  9.89  2.99  

• Anterior table  Male  3.60  1.18  0.019*  

thickness in mm  Female  3.16  0.82  

The 3 age groups' means of measurements were  

compared using one way analysis of variance test  

(one way ANOVA test). The only statistically  
significant difference between age groups was  

found in width of the right sinus ( p=0.027). By  
post hoc test the difference was found between  

group 2 and group 3 (Table 4). By comparing  
measurements between the 3 age groups; width,  

height, depth and volume of the right sinus reached  
their peak in group 2, and were nearly equal on  

the left side in groups 2 and 3 except for the left  

depth which was higher in group 3 than group 1  
and 2. However, group 1 showed the highest values  
of left height, left width and left sinus volume  

(Tables 4, 5). No statistically significant difference  

was found between age groups when all parameters  

were compared regardless of the side.  

Table (4): Differences of measurements of right frontal sinus  

between age groups (number=20 for each group).  

Parameter  Mean  SD  p-value  

• Rt. width in mm:  Group 1  23.77  7.92  0.027*  
Group 2  26.75  8.08  
Group 3  19.70  8.21  

• Rt. height in mm:  Group 1  18.59  7.91  0.253  
Group 2  22.35  10.08  
Group 3  18.29  7.36  

• Rt. depth in mm:  Group 1  17.66  8.26  0.500  
Group 2  20.69  9.20  
Group 3  18.16  8.52  

• Volume in mm 3 :  Group 1  10331.57  15031.28  0.230  
Group 2  15339.02  15908.20  
Group 3  8196.33  7443.47  

• A-P length of Rt. FR in  Group 1  9.69  2.33  0.871  

mm:  Group 2  9.26  3.45  
Group 3  9.23  3.46  

• Rt. anterior table  Group 1  3.41  1.14  0.188  
thickness in mm:  Group 2  3.46  0.96  

Group 3  2.95  0.72  

Table (5): Differences of measurements of left frontal sinus  

between age groups (number=20 for each group).  

Parameter  Mean  SD  p-value  

• Lt. width in mm:  Group 1  24.21  7.76  0.993  
Group 2  23.95  8.90  
Group 3  23.98  6.44  

• Lt. height in mm:  Group 1  20.25  10.12  0.935  
Group 2  20.19  9.31  

Group 3  19.30  8.002  

• Lt. depth in mm:  Group 1  18.63  8.88  0.411  
Group 2  19.88  7.41  

Group 3  21.88  6.67  

• Volume in mm 3 :  Group 1  11904.65  13995.10  0.929  
Group 2  11030.87  10610.82  

Group 3  10603.03  6894.26  

• A-P length of Lt.  Group 1  10.35  2.04  0.598  
FR in mm:  Group 2  9.61  3.62  

Group 3  10.52  3.10  

• Lt. anterior table  Group 1  3.45  1.26  0.447  
thickness in mm:  Group 2  3.72  1.21  

Group 3  3.28  0.77  

Comparing the A-P length of FR and anterior  
table thickness between age groups, the A-P length  

of FR showed a decline on the left side in group  

2 while on the right side it was higher in group 1  

and nearly equal in groups 2 and 3 (Tables 4,5),  
Figs. (3,4,5). As regards anterior table thickness,  
a decline was observed in group 3 especially on  
the right side but p-value was more than 0.05  
(statistically insignificant) (Tables 4,5), Figs.  

(3-5).  
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Group 1 Group 2 Group 3  

Age groups  

Group 1 Group 2 Group 3  

Age groups  

A-P length of right frontal recess (mm)  

Fig. (3): A & B bar charts showing differences of  

means of right and left A-P length of frontal recess  

between age groups (bar chart A), differences of means  

of right and left anterior table thickness of frontal  

sinus between age groups (bar chart B). C: Correlation  
between A-P length of right and left frontal recesses  

(r=0.611,  p=0.001).  

A  

B  

C  

D  

Fig. (4): Sagittal (A and B) CT scans of 23 years old female, and sagittal (C and D) CT scans of 28 years old male showing  

the correlation between right and left A-P length of FR in group 1.  
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Fig. (5): Sagittal (A, B and C) CT scans of 40 years old male, and sagittal (D and E) CT scans of 45 years old female showing  

the correlation between right and left A-P length of FR and difference in anterior table thickness between male and  

female in group 2.  

Fig. (6): Sagittal (A, A', B and B') CT scans of 62 years old male, and sagittal (C and C') CT scans of 50 years old female  

showing the correlation between right and left A-P length of FR and difference in anterior table thickness between  

male and female in group 3.  
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Correlation between right and left A-P length  

of FR and between volume of ANC and A-P length  

of FR was analyzed using Pearson correlation.  
Correlation coefficient “ r” was significant at the  
0.01 level (2-tailed). Statistically significant pos-
itive correlation was found between A-P length of  

left FR and AP length of right FR (p-value > r;  
r=0.611, p-value <0.001) (Table 6) but no correla-
tion was found between AP length and volume of  
ANC (Table 6).  

Frontal sinus showed great asymmetry between  

right and left sides, deviation of interfrontal septum  

from midline was common as well as intrasinus  
septations Fig. (7). By applying the formula of the  

asymmetric index, 48 (80%) out of the 60 studied  
population were asymmetrical and 12 (20%) were  

symmetrical (Table 7).  

Agger nasi cell was found in 97 out of the 120  
studied sides; 84 were bilaterally present and 13  
were only unilateral (Tables 8,9), Fig. (8). Volume  
of ANC was generally higher on the right side than  
the left side (Table 10) but this wasn't statistically  
significant.  

Table (6): Pearson correlation between A-P length of right  
and left FR and volume of right and left ANC.  

A-P length  
of Lt. FR  

Volume of Volume of  
Rt. ANC Lt. ANC 

A-P length of Rt. FR: r  0.611**  –0.034  

p-value  <0.001  0.806  

N  55  55  

A-P length of Lt. FR: r  –0.213  

p-value  0.119  

N  55  

Volume of Lt. ANC: r  –0.144  

p-value  0.294  

N  55  

**  : Correlation is significant at the 0.01 level ( r=0.01, 2-tailed). 
N 
 

: Number. 
r  : Correlation coefficient (shows the strength of the correlation).  

Table (7): Descriptive analysis of frontal sinus symmetry.  

Frequency  Percent  

Asymmetrical  48  80.0  

Symmetrical  12  20.0  

Total  60  100.0  

Fig. (7): Coronal CT scans of A- 62 years old male (group 3) showing asymmetrical right and left frontal sinuses (F) with the  

right sinus is poorly developed. B- 51 years old female (group 3) showing asymmetrical right and left frontal sinuses  

(F) with the left sinus pneumatizes widely upwards in the frontal bone. Interfrontal Septal Cell (IFSC) and right  

intrasinus septation (S) are also seen. C- 60 years old female (group 3) showing midline Interfrontal Septum (IFS).  

D- 23 years old female (group 1) showing deviation of the interfrontal septum to the right. E- 27 years old male (group  

1) showing deviation of the interfrontal septum to the right and bilateral intrasinus septations.  



Number  Minimum  Maximum  Mean  SD  p-value  

Rt. ANC volume in mm 3 
 

Lt. ANC volume in mm3 
 

49  37.70  292.60  222.16  0.298  

48  46.20  253.28  137.45  

1190.20  
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Table (8): Descriptive analysis of agger nasi cell.  Table (9): Percentage and cumulative percentage of unilateral  

and bilateral ANC.  

 

ANC  Frequency  Percent  

 

 

Total 120 100.0 Total 97 100.0 100.0 100.0  

Unilateral  
Bilateral  
Absent  

ANC Frequency Percent Valid percent  

Unilateral 13 13.4 13.4  
Bilateral 84 86.6 86.6  

Cumulative percent  

13.4  
86.6  

13 10.8  
84 70.0  
23 19.2  

Table (10): Volume of agger nasi cell on both sides.  

Fig. (8): Coronal CT scan of A- 28 years old male (group 1) showing bilateral agger nasi cell (ANC). B- 31 years old male  

(group 2) showing bilateral agger nasi cell associated with Interfrontal Septal Cell (IFSC). C- 23 years old female  

(group 1) showing left agger nasi cell. D- 52 years old male (group 3) showing right agger nasi cell associated with  

Interfrontal Septal Cell (IFSC).  

Frequency and bilaterality of each cell type of  
frontal recess cells among the 120 studied sides  

are shown on (Tables 11,12,13) and Figs. (9,10).  
Among the different types of frontal recess cells,  

IFSC Figs. (9,10) was the most frequently encoun-
tered cell after agger nasi cell, followed by SOEC  

and FBC. FC2 and SBC were the second most  

frequent followed by FC1, FC3 and FC4 respec-
tively. Differences in frontal recess cells between  

male and female, which were analyzed by Chi- 

square test, were not statistically significant (p-
value was more than 0.05) except in FC3 which  
was significantly higher among females (p=0.05)  
(Table 14). Association between different types of  
frontal recess cells using Chi-square test showed  

only significant association between FC4 and FBC  

(p=0.025) (Table 15), Figs. (9,10). No other sig-
nificant associations were noticed between other  

cells (p-value was more than 0.05).  
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Fig. (9): A: Pie chart showing the frequencies of individual types of frontal recess cells in the 120 studied sides (60 CT scans=120  

right and left sides). B: Bar chart showing difference of frequencies of unilateral frontal recess cells and single IFSC  

between male and female. C: Bar chart showing difference of frequencies of bilateral frontal recess cells and multiple  

IFSC between male and female.  

Fig. (10): Coronal and sagittal CT scan showing A- IFSC and left intrasinus septation (S). B- Single SOEC. C- FC3 above ANC  

and FBC. D- FBC and ANC. E- Right FC2 above ANC. Multiple IFSC are seen. F- FC2 above ANC. G- Suprabullar  

cell and ANC. H- Right FC1 above ANC and lateral to the right Frontal Sinus Outflow Tract (FSOT) (dotted line).  

I- FC1 and small FC3 “with its own drainage tract”. J- FC4. (Age for A-J was 54, 37, 45, 47, 51, 21, 62, 57, 68, 45  

years old respectively. Sex for A, B, C, E, F and G was male while D, H, I and J were female).  
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Table (11): Descriptive analysis of FCs types 1:4.  

Frequency  Percent  

FC1:  
Unilateral  
Bilateral  
Absent  

19  
0  
101  

15.8  
0  
84.2  

Total  120  100.0  

FC2:  
Unilateral  20  16.7  
Bilateral  2  1.7  
Absent  98  81.6  

Total  120  100.0  

FC3:  
Unilateral  8  6.6  
Bilateral  8  6.7  
Absent  104  86.7  

Total  120  100.0  

FC4:  
Unilateral  3  2.5  
Bilateral  0  0  
Absent  117  97.5  

Total  120  100.0  

FC: Frontal Cell.  

Table (12): Descriptive analysis of IFSC and SOEC.  

Frequency  Percent  

IFSC:  
Single  
Multiple  
Absent  

29  
5  
86  

24.2  
4.2  
71.6  

Total  120  100.0  

SOEC:  

Unilateral  16  13.3  
Bilateral  8  6.7  
Absent  96  80  

Total 120  100.0  

IFSC 
 

: Interfrontal Septal Cell.  
SOEC 

 
: Supraorbital Ethmoid Cell.  

Table (13): Descriptive analysis of FBC and SBC.  

Frequency  Percent  

FBC:  
Unilateral  16  13.3  
Bilateral  8  6.7  
Absent  96  80  

Total  120  100.0  

SBC:  
Unilateral  14  11.7  
Bilateral  6  5.0  
Absent 100  83.3  

Total  120  100.0  

FBC 
 
: Frontal Bullar Cell. 

SBC 
 
: Suprabullar Cell.  

Table (14): Differences of frontal recess cells between male  

and female.  

Male  Female  Total  p- 
value  No.  %  No.  %  No.  %  

ANC:  Unilateral  6  46.2  7  53.8  13  21.7  0.871  
Bilateral  21  50.0  21  50.0  42  70.0  
Absent  3  60.0  2  40.0  5  8.3  

FC1:  Unilateral  8  42.1  11  57.9  19  31.7  0.580  
Bilateral  0  0.0  0  0.0  0  0.0  
Absent  22  53.7  19  46.3  41  68.3  

FC2:  Unilateral  11  55.0  9  45.0  20  33.3  0.542  
Bilateral  0  0.0  1  100.0  1  1.7  
Absent  19  48.7  20  51.3  39  65.0  

FC3:  Unilateral  6  75.0  2  25.0  8  13.3  0.050*  
Bilateral  0  0.0  4  100.0  4  6.7  
Absent  24  50.0  24  50.0  48  80.0  

FC4:  Unilateral  2  66.7  1  33.3  3  5.0  0.554  
Bilateral  0  0.0  0  0.0  0  0.0  
Absent  28  49.1  29  50.9  57  95.0  

FBC:  Unilateral  9  56.3  7  43.8  16  26.7  0.076  
Bilateral  4  100.0  0  0.0  4  6.7  
Absent  17  42.5  23  57.5  40  66.7  

SBC:  Unilateral  7  50.0  7  50.0  14  23.3  0.837  
Bilateral  2  66.7  1  33.3  3  5.0  
Absent  21  48.8  22  51.2  43  71.7  

SOEC:  Unilateral  10  45.5  12  54.5  22  36.7  0.866  
Bilateral  9  52.9  8  47.1  17  28.3  
Absent  11  52.4  10  47.6  21  35.0  

IFSC:  Single  13  44.8  16  55.2  29  48.3  0.570  
Multiple  2  40.0  3  60.0  5  8.3  
Absent  15  57.7  11  42.3  26  43.3  

Table (15): Association between FBC and other types of  

frontal recess cells.  

FBC  

ANC:  Unilateral  3  23.1  0  0.0  10  76.9  0.663  
Bilateral  12  28.6  4  9.5  26  61.9  
Absent  1  20.0  0  0.0  4  80.0  

FC1:  Unilateral  4  21.1  2  10.5  13  68.4  0.618  
Bilateral  0  0.0  0  0.0  0  0.0  
Absent  12  29.3  2  4.9  27  65.9  

FC2:  Unilateral  4  20.0  3  15.0  13  65.0  0.385  
Bilateral  0  0.0  0  0.0  1  100.0  
Absent  12  30.8  1  2.6  26  66.7  

FC3:  Unilateral  2  25.0  0  0.0  6  75.0  0.713  
Bilateral  2  50.0  0  0.0  2  50.0  
Absent  12  25.0  4  8.3  32  66.7  

FC4:  Unilateral  2  66.7  1  33.3  0  0.0  0.025*  
Bilateral  0  0.0  0  0.0  0  0.0  
Absent  14  24.6  3  5.3  40  70.1  

SBC:  Unilateral  1  7.1  0  0.0  13  92.9  0.085  
Bilateral  0  0.0  0  0.0  3  100.0  
Absent  15  34.9  4  9.3  24  55.8  

SOEC:  Unilateral  6  27.3  1  4.5  15  68.2  0.968  
Bilateral  5  29.4  1  5.9  11  64.7  
Absent  5  23.8  2  9.5  14  66.7  

IFSC:  Single  8  27.6  2  6.9  19  65.5  0.961  
Multiple  1  20.0  0  0.0  4  80.0  
Absent  7  26.9  2  7.7  17  65.4  
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Discussion  

A lot of interest has been generated between  

researchers as regards the anatomy of frontal sinus  
and frontal recess. It became evident that frontal  

recess is a vital area in endoscopic surgical treat-
ment of frontal sinus disease. The current study  

was conducted to line out ranges of different di-
mensions of frontal sinus and frontal recess as well  
as to identify types and prevalence of frontal recess  

cells which may affect the frontal sinus drainage  

pathway, or predispose to recurrent sinusitis if not  

properly dissected in endoscopic sinus surgery.  

Correlation between different variations was also  

considered. Dimensions and volume of frontal  
sinus recorded in the present study showed apparent  
difference between right and left sides as well as  
between males and females. They were all higher  
in the left than the right side (except for the sinus  

volume which was higher on the right side) but  

statistically insignificant. Side differences in width,  

height and depth came in accordance with many  
studies which reported higher values on the left  

side [12,13]  but disagreed with others in which right  

side dimensions predominated [7]  or no side differ-
ence was encountered [14] . This dissimilarity be-
tween studies may be contributed to racial differ-
ence as most of the studies that showed left sinus  
dominancy were conducted on Brazilians [13]  one  
was conducted on Turkish population [12] , while  
the one that agreed with the present work was  

carried out on Indians [15] . Out of the 60 studied  
population in the present work, 48 (80%) had  
asymmetrical frontal sinuses based on the asym-
metrical index suggested by Suman et al. [8] . This  
comes in agreement with the one conducted by  
Rubira-Bullen et al. [16]  who investigated 158 plain  
facial radiographs and 88 (60.7%) were asymmet-
rical. In contrast, the study of David et al. [17]  
revealed that 16 (32%) out of 50 individuals had  

asymmetrical sinuses, and that conducted by Verma  

et al. [18]  stated that only 18 (22.5%) out of 80  

subjects had asymmetric pattern of frontal sinus.  
Regarding sex difference, all measurements in the  

present thesis were higher among males than fe-
males, but only significant for height, depth and  
volume (p=0.04, 0.03 and 0.019 respectively). This  
result correlates with nearly all recent studies which  

recorded higher frontal sinus dimensions among  
males [12,15,18] . Comparing measurements between  
age groups described in the present thesis, highest  

values of right side dimensions were observed in  
group 2 (age from 31 to 50 years) while highest  

values of left side dimensions were observed in  
group 1 (age from 20 to 30) except for the left  

depth. Group 3 (age above 50 years) had the highest  
value of left depth and the lowest value of left  

height. However, no significant difference was  
encountered between age groups except for the  

right width (p=0.027) between group 2 and 3.  
These age differences greatly agree with those  
reported by Tatlisumak et al. [19]  and Tatlisumak  
et al. [12]  but disagree with Rubira-Bullen et al.  

[16]  and Michel et al. [20] . Results of the present  
study revealed that A-P length of FR was slightly  

higher among females than males and tended to  

increase with age on the right side while on the  

left side it had the lowest value in group 2. Higher  
mean values were encountered in the left than the  
right side with positive correlation between the  

two sides. Although little information concerning  

A-P length of FR is available, Jacobs et al. [21]  
pointed that this dimension is vital for successful  

endoscopic surgery especially in extended proce-
dures that require additional bone resection. A  

limitation of studying this dimension is that it  
doesn't reflect the course, width, and depth of  

FSOT. However, Park et al. [9]  stated that A-P  
length of FR could be one of the important infor-
mation for building a 3-dimensional picture of the  
FSOT. Wormald [22]  used the ANC as the key  
around which the anatomy of FR is built and as-
sumed that a large ANC reduces the thickness of  

the Frontal Beak (FB). Building their work on this  

relation, Park et al. [9]  expected that decreased FB  
thickness caused by large ANC volume will con-
sequently lead to increased A-P length of FR, so  

that resection of the ANC will allow for wide  

surgical exposure of the FR. The current study  
showed no correlation between AP length and  
volume of ANC in contrast to the work of Jacobs  
et al. [21]  who found a positive correlation between  
A-P length and agger nasi cell size in 31 out of 40  
sides, and Park et al. [9]  who reported that the  
volume of the ANC showed a weak positive corre-
lation with the A-P length of the FR in 182 out of  
190 sides (r=0.41, p<0.001). This discordance with  
the latter two studies may be since they studied  

patients with chronic sinusitis which may alter the  
normal FR anatomy. The frontal sinus anterior  
table thickness in this study showed higher mean  

values on the left than the right side, and among  

males than females though no statistical signifi-
cance was encountered. Between age groups, the  

highest values were reported in group 2 (age from  

31 to 50 years) and the lowest were present in  

group 3 (age above 50 years) probably due to  

increased bone resorption with age. Differences  
between age groups were not significant except  
for the right width between groups 2 and 3. The  
side difference disagrees with results of Sahlstrand-
Johnson et al. who stated equal mean values of  

right and left sides, and no significant difference  
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between the sexes. The frontal sinus anterior table  

thickness was important since one upon performing  
an ultrasound examination of the frontal sinuses  

usually holds the ultrasound probe against this  

area, so the thickness of this area affects the ultra-
sound wave of the Doppler equipment. This may  

help further development of clinically applicable  
Doppler equipment for staging a sinus infection  
[10] .  

Conclusion:  
Awareness of frontal sinus dimensions frontal  

recess cells variations among Egyptians should be  
taken in consideration in safe frontal endoscopic  

surgery.  
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